We present a 1-period model of the Polish financial market from the view point of the largest Polish company KGHM, whose share prices declined from 119 PLN on June 1, 2015 to 68 PLN on December 2, 2015. Our goal is to show how KGHM might create portfolios (with practically zero cost), which would (almost) fully compensate these declines without, what is very important, short sale of KGHM's shares. The presented methodology is equally suitable in any country for all those companies for which options on their shares are also tradable. We employ here a matrix model of a fraction of the Polish financial market and make use of the Black-Scholes formula to valuate 3 portfolios replicating 3 desired by KGHM, but not available on the market, financial instruments. To give more insight to the readers, we distinguish two cases. In one of them, volatility of KGHM's share prices is 35%, and in the other case it equals 20%.
(1) Matrix P displays all possible payments in 7 scenarios on December 2, 2015 ("tomorrow") resulting from 4 different financial instruments bought "today", that is on June 1, 2015. Columns 2, 3, and 4 represent payments generated respectively by a treasury bill, a call option at strike price of 95 PLN, and a put option at strike price of 110 PLN.
Problem Statement
To make our model more realistic, we associate certain probabilities, say p = to 7 states of the market (7 scenarios) of the Polish financial market. Our goal is to suggest what portfolio should KGHM hold in order (i) to be compensated for all potential declines of its share prices, and (ii) to pay very little for such portfolio without necessity of shorting its own shares. The same financial profits will achieve any other (than KGHM) investor by holding the portfolio specified below. We take into account that prices of KGHM's shares may decline to 55 PLN in a 6-month horizon (in fact, they declined to 65 PLN on December 2, 2015) from the current level of 119 PLN on June 1, 2015, as well as they may rise up to 145 PLN in a 6-month period.
Some Theory
The underlying theory was first presented in (Cerny, 2009, pp. 25-49 ) and then was employed also in (Zaremba, 2016 (Zaremba, , 2017a (Zaremba, , 2017b and Zaremba (in press ). Generally speaking, it is supposed that a financial market is represented by some m x n matrix, say A = consisting of columns of matrix A in such a way that its replication error should be as small as possible. Incomplete markets were discussed in Zaremba (2017b, pp. 119-121) . Below SSRE is the abbreviation for "sum of squared replication errors". We thus have
Ax-b. Since some states of the world are less likely than others, the company should be interested in the expected SSRE, ESSRE for short, where 
Definition 1
A general hedging (replication) problem Ax = b consists in finding such portfolio x that A x is as close to the focus asset b as possible in the sense of minimization of SSRE, or ESSRE if probabilities of states of the market are given.
The following result can be found in (Cerny, 2009, pp. 30-34) .
Theorem 1
Consider replicate the focus asset f, and will get rid of any risk. However, portfolio x requires a short sale of 100% of KGHM's shares which are going to be protected against declines of their prices. Although this may be pretty much OK with some investors, it is not suitable for KGHM itself as it could suggest for current and potential investors serious problems in KGHM.
Before we go any further with our studies, it is good to notice that Theorem 1 produces the same solution x, that is, the best approximating portfolio
. We leave this simple proof for the reader. Therefore, now we will try another financial focus instrument compensating declines in KGHM's shares, such that the resulting portfolio will not involve short sale of KGHM' shares or it will involve the short sale to a small extend only. 
Towards this end, let us try the focus instrument
depending on the state of the market in the beginning of December 2015. Together with 1KGHM's share (the first column in matrix P), the instrument f 1 will generate payoffs whose expected value (taking into account probabilities p of the 7 states of the market) equals 119.09 PLN, slightly more than the initial price (119 PLN).
Corollary 1
If on June 1, 2015 an investment fund or any other investor including KGHM itself wished to protect the value of 100,000 of KGHM's shares against their declines in the 6-month period, then each of them on June 1 should (i) short 26,266 KGHM shares, (ii) hold 44,488 six-month treasury bills, (iii) short 63,066 six-month call options on 1 KGHM' share with a strike price of 95 PLN, and (iv) buy 59,258 six-month put options on 1 KGHM' share with strike price of 110 PLN.
Determination of Hedging Portfolios without Short Sale of KGHM's Shares
Let's therefore try another financial instrument, call it f 2 , with the aim of creating its (i) best approximate hedge (replica) what means that short sale of KGHM's shares has been avoided. In Section 5 we will show that the cost of acquiring portfolio 2
x is close to zero, depending on the dividend yield paid by KGHM to its shareholders.
Corollary 2
If on June 1, 2015 an investor wished to protect the value of 100,000 of KGHM's shares against their declines in the 6-month period, then on that day he should (i) hold just 2200 of KGHM shares, (ii) hold 16,400 six-month treasury bills, (iii) short 80,700 six-month call options on 1 KGHM' share with a strike price of 95 PLN, and (iv) buy 69,700 six-month put options on 1 KGHM' share with strike price of 110 PLN. x , what will be demonstrated in the Section 5.
Corollary 3
If on June 1, 2015 an investor wished to protect the value of 100,000 of KGHM's shares against their declines in the 6-month period, then on June 1 he should (i) hold just 900 of KGHM shares, (ii) hold 20,000 six-month treasury bills, (iii) short 100,100 six-month call options on 1 KGHM' share with a strike price of 95 PLN, and (iv) buy 70,000 six-month put options on 1 KGHM' share with strike price of 110 PLN.
Valuation of Call and Put Options (Volatility  =35%; Risk-Free Rate r =2.5%)
In order to estimate the (theoretical) market price of portfolios 1 x , 2 x , 3 x on June 1, 2015, let's start with computation of theoretical market prices of the 4 basis assets they are build upon(see definition of matrix P at the end of Introduction). We already know that 1 KGHM's share costs 119 PLN. Since the risk-free rate in Poland is 2.5%-3% per annum, one may assume that a 6-month treasury bill with face value of 100 PLN (our second basis asset) has the market 
where q is dividend yield (for better illustration we suppose that q was between 2% and 4% in the last few years), T is the expiration date ( 2 1 of the year in the studied case), N(d) is the cumulative probability distribution function for the standard normal distribution N(0,1), r is the risk-free rate on Polish market (about 2.5% annually), with 
Proposition 1
The change of parameter q from 2% to 3% and next to 4% implies the corresponding change (decline) x are close to 0 PLN, depending on dividend yield (q) paid annually by KGHM. Six months later these portfolios plus 1 KGHM's share secure payments close to 119 PLN, the latter being the price of 1 KGHM's share on June 1, 2015.
Concluding Remarks
The natural question arises how the level of volatility of share prices affects valuation of hedging portfolios, for example portfolio 3
x . Suppose therefore that volatility of KGHM's share prices is now lower, namely  = 20%, with other parameters remaining the same. Arguing in the same way as above, assume first that q = 2%. 
